CURVED PANEL SHEAR TEST APPARATUS 



FIELD OF THE INVENTION 
[000 1] This invention relates to a shear test apparatus for use on a curved 
5 panel such as a fuselage outer panel of an aircraft. 

BACKGROUND OF THE INVENTION 
[0002] In related art there is no disclosure relating to curved panel shear 
test technology, but in Japanese Patent Laid Open Publication No. SHO-60- 
135839 a shear tester for a rectangular panel is disclosed. 
10 [0003] The disclosed rectangular panel shear test apparatus is shown in Fig. 
10 hereof. 

[0004] The shear tester 100 shown in Fig. 10 has a rail 103 extending 
horizontally between a pair of posts 102, 102, supporting claws 104, 104 
provided movably on this rail 103, and fixtures 105, 105 such as foundations. 

15 [0005] One side of a rectangular panel 106 is held by the fixtures 105, 105, 
and the opposite side of the rectangular panel 106 is gripped by the supporting 
claws 104, 104. By the supporting claws 104, 104 being moved along the rail 
103, a shear stress arising in the rectangular panel 106 is obtained. 
[0006] The rectangular panel 106 must be a flat panel. When a shear test of 

2 0 a curved panel is carried out with the shear tester 100, a uniform shear load 
cannot be applied to the curved panel, bending of the edges of the curved panel 
and undulations in the center consequently arise, and an accurate shear 
characteristic (e.g. strength) cannot be measured. 

[0007] Therefore, a shear tester of related art cannot be used on a curved 
25 panel. However, there is a need to measure accurate shear characteristics (e.g. 
strength) of curved panels typified by fuselage outer panels of aircraft by 
applying a uniform shear load to the curved panel in its curved state. 
[0008] Thus, a shear tester capable of applying a uniform shear load to a 
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curved panel has been awaited. 

SUMMARY OF THE INVENTION 
[0009] According to the present invention, there is provided a shear test 
apparatus for measuring shear characteristics of a curved panel made by 
5 curving a rectangular plate to a circular arc in cross-section and having a pair 
of curved sides and a pair of flat sides perpendicular to the curved sides, the 
apparatus including- a frame made up of a fixed first curved side bearing 
member and a second curved side bearing member which moves in parallel 
with the first curved side bearing member respectively disposed at the curved 

10 sides, and first and second flat side bearing members respectively disposed at 
the pair of flat sides; a plurality of pin joints provided at the four corners of the 
frame so as to allow the frame to deform rhomboidally; four retaining plates for 
holding the curved panel to the frame; a guide mechanism for suppressing 
movement of the second curved side bearing member in a direction perpendi- 

15 cular to the face of the curved panel; and an arm extending from the center of 
the second curved side bearing member in a direction perpendicular to the face 
of the curved panel and having an external force loading point at the center of 
shear of the curved panel, so that using the external force loading point the 
second curved side bearing member is forcibly moved and a shear characteristic 

2 0 of the curved panel is obtained from the load necessary for this movement. 

[00 10] The thus-arranged test apparatus prevents bending of the edge of 
the curved panel by holding the edge of the curved panel with the frame and 
retaining plates. 

[00 ll] In an ordinary straight beam, when an external force acts parallel 
2 5 with the cross-section centerline at the cross-section centroid, twisting does not 
occur. However, in a curved beam, even if an external force acts parallel with 
the cross-section centerline at the cross-section centroid, twisting occurs. 
[0012] A transverse centerline perpendicular to the cross-section centerline 
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and passing through the centroid is extended to the convex side of the curved 
panel, and an external force at right angles to the transverse centerline is 
applied at a point on this transverse centerline. When the point is moved along 
the transverse centerline, the amount of twist changes. When the point on the 
5 transverse centerline is set at a position a certain distance away from the 
centroid, the twist becomes zero. The point at which the twist becomes zero like 
this is called the 'center of shear 1 . 

[0013] Because the external force loading point is set at this center of shear 

position, the shear test can be carried out without the curved panel twisting. A 
10 uniform shear load can be applied to the curved panel, and an accurate shear 

characteristic (e.g. strength) can be measured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] A presently preferred embodiment of the invention will now be 

described in detail, by way of example only, with reference to the accompanying 
1 5 drawings, in which* 

[0015] Fig. 1 is a perspective view of a curved panel used in a test 

apparatus of the invention; 

[0016] Fig. 2 is a perspective view of a curved panel shear test apparatus 
according to the invention; 
2 0 [0017] Fig. 3 is an exploded perspective view of a frame shown in Fig. 2; 

[0018] Fig. 4 is a front view of the curved panel shear test apparatus shown 
in Fig. 2; 

[0019] Fig. 5 is a side view of a second curved side receiving member shown 
in Fig. 3; 

2 5 [0020] Fig. 6 is an enlarged sectional view of the detail 6 in Fig. 5; 

[0021] Fig. 7 is an enlarged sectional view taken along line 7-7 of Fig. 4; 
[0022] Fig. 8 is a view showing the relationship between a curved panel and 
a center of shear; 



[0023] Fig. 9 is a schematic view showing movement of a curved panel 
during a test; and 

[0024] Fig. 10 is a schematic view of a rectangular panel shear test 
apparatus of related art. 
5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0025] A curved panel 10 shown in Fig. 1 for example forms part of an 
aircraft fuselage, and has an aluminum alloy outer skin 11, an aluminum alloy 
inner panel 12, multiple first reinforcing ribs 13, and multiple second 
reinforcing ribs 14. The first reinforcing ribs 13 and the second reinforcing ribs 
10 14 form a grid. The outer skin 11 has cutaways 15 formed at its four corners. 
These cutaways 15 are provided to avoid interference with pin joints which will 
be further discussed later. 

[0026] The four sides of the curved panel 10 comprise the pair of curved 
sides 16, 17 and the pair of flat sides 18, 19 perpendicular to these curved sides 
15 16, 17. 

[0027] Fig. 2 is a perspective view of a curved panel shear test apparatus 
according to the invention. 

[0028] The curved panel shear test apparatus 20 includes a base plate 21 
and a rectangular frame mounted on this base plate 21. The frame is made up 
2 0 of a bottom frame member 22 fixed to the base plate 21, a pair of columns 23, 
23 extending vertically upward from the ends of this bottom frame member 22, 
and a top frame member 24 extending between the top ends of the columns 23, 
23. 

[0029] A surrounding band member 25 is attached around the top frame 
2 5 member 24, movably along the top frame member 24. A hydraulic cylinder 26 is 
suspended from the band-shaped member 25. A load cell 28 is attached to a 
piston rod 27 of this hydraulic cylinder 26. A pulling rod 29 is hung from the 
lower side of the load cell 28. A middle beam 31 extends between the columns 



23, 23 at an intermediate height position. A guide rail 32 is provided running 
vertically between this middle beam 31 and the bottom frame member 22. The 
bottom end of this guide rail 32 is connected to the bottom frame member 22 by 
a bracket 33, and the top end is connected to the middle beam 31 by another 
5 bracket 33. A frame 40 is provided between the guide rail 32 and one of the 
columns 23. The curved panel 10 is supported by four retaining plates 41, 42, 
43, 44 and multiple retaining bolts 45 accessory to this frame 40. 
[0030] The load cell 28 is a device for measuring the p ullin g force arising in 
the hydraulic cylinder 26. The shear characteristics (e.g. strength) are 
1 0 measured by processing strain information measured by means of numerous 
strain gauges (not shown) affixed to the curved panel 10. 

[0031] After the curved panel 10 is placed on the frame 40, bolt holes are 
made in the curved panel 10 in alignment with female threads formed in the 
frame 40. This operation is called gauging. Accordingly, in Fig. 2 the bolt holes 

1 5 have not yet been made in the curved panel 10. 

[0032] The frame 40 shown in Fig. 3 is made up of a first curved side 
bearing member 46 facing the retaining plate 41, a first flat side bearing 
member 47 facing the retaining plate 42, a second curved side bearing member 
48 facing the retaining plate 43, a second flat side bearing member 49 facing 

2 0 the retaining plate 44, and multiple collars 51 and multiple pin joint bolts 52 
connecting together the bearing members 46 through 49. The first curved side 
bearing member 46 has fixing flanges 53, 53. The first and second flat side 
bearing members 47, 49 each have tongue parts 54, 54 at their ends. The 
second curved side bearing member 48 has an arm 55 at its center and roller 

2 5 support brackets 56, 56 at its ends. These roller support brackets 56, 56 have a 
pair each, four in total, of cam followers 57. 

[0033] The first and second curved side bearing members 46, 48 and the 
first and second flat side bearing members 47, 49 each have numerous female 



threads 58 arranged in a zigzag pattern. Multiple bolts holes 59 are formed in 
the retaining plates 41 through 44 so as to face these female threads 58. 
[0034] As shown in Fig. 4, the fixing flanges 53, 53 are used to fix the first 
curved side bearing member 46 to one of the columns 23. The fixing is carried 
5 out by welding and/or with bolts. 

[0035] The first and second flat side bearing members 47, 49 are connected 
to this first curved side bearing member 46 by two of the pin joint bolts 52, 52 
and are supported in cantilever style swingably up and down about these pin 
joint bolts 52, 52 at the upper and lower ends of the first curved side bearing 
10 member 46. The second curved side bearing member 48 is connected to the 
ends of these first and second flat side bearing members 47, 49 by another two 
pin joint bolts 52, 52. The second curved side bearing member 48 is a moving 
member supported so as to be movable up and down. 

[0036] Fig. 5 is a side view of the second curved side bearing member 48. 

15 [0037] In an ordinary straight beam, when an external force acting parallel 
with the cross-section centerline 61 acts at the cross-section centroid 62, 
twisting does not occur. However, in a curved beam (the curved panel 10), if an 
external force acting parallel with the cross-section centerline 61 acts at the 
cross-section centroid 62, twisting occurs. 

2 0 [0038] A transverse centerline 63 perpendicular to the sectional centerline 
61 and passing through the centroid 62 is extended to the convex side of the 
curved panel 10, and an external force F perpendicular to the transverse 
centerline 63 is applied at a point on this transverse centerline 63. When the 
point is moved along the transverse centerline 63, the amount of twist changes. 

25 When the point is set on the transverse centerline at a position a certain 
distance away from the centroid 62, the twist becomes zero. The point at which 
the twist becomes zero like this is called the center of shear 64. 
[0039] It is a characteristic of this invention that, because the point at 



which the external force acts is set at the position of this center of shear 64, a 
pin hole 65 is provided in the arm 55 there. 

[0040] That is, the arm 55 is extended from the middle of the second curved 
side bearing member 48 in a direction perpendicular to the face of the curved 
5 panel (the transverse centerline 63 direction), and the point of the arm 55 at 
which the external force is to be applied (the pin hole 65) is set in a position 
coincident with the center of shear 64 of the curved panel 10. 
[0041] Fig. 6 is an enlarged sectional view of the detail 6 in Fig. 5, and 
illustrates the construction of a pin joint in detail. 

10 [0042] Although it has not been explained up to now, a bush 66 with a 
spherical surface is incorporated into each of the tongue parts 54, and the 
tongue parts 54 are brought together with the second curved side bearing 
member 48 with these spherical bushes 66 and the collars 51 therebetween, 
and the pin joint bolts 52 are passed through them and fastened with nuts 67. 

15 [0043] Tin joint 1 is a term of structural mechanics opposite to 'rigid joint', a 
joint connecting two members rigidly, and means a form of joint such that the 
rotation about the bolt shafts of the pin joint bolts 52 is allowed, but movement 
in the bolt shaft direction is not allowed. The spherical surface bushes 66 are 
not essential, but if the spherical surface bushes are 66 interposed, a slight 

2 0 amount of leaning of the pin joint bolts 52 relative to the tongue parts 54 is 
possible. 

[0044] With this leaning allowed, lack of alignment of the curved panel with 
respect to the frame 40 can be absorbed, that is, high accuracy of positioning of 
the individual curved panel becomes unnecessary, and also damage to the pin 
2 5 joint bolts 52 can be prevented. 

[0045] Fig. 7 is a sectional view taken along line 7-7 of Fig. 4, illustrating 
the construction of a guide mechanism made up of cam followers and a guide 
rail. 



[0046] The cam followers 57 are assemblies made by attaching rollers 69 to 
bolt shafts 68 by way of bearings, and they are mounted just by passing the 
bolt shafts 68 through the roller support brackets 56 and fastening them with 
nuts 71. 

5 [0047] The roller support brackets 56 move in the front/rear direction of the 
figure with the rollers 69 on flanges of the guide rail 32, which is shaped to 
form a channel. That is, the guide mechanism 70 of this invention is made up of 
the guide rail 32 and the rollers 69 sandwiching this guide rail. 
[0048] As a result of the guiding action of the guide rail 32, the roller 
10 support brackets 56 do not move in the up -down direction of the figure. 
However, as is clear from the figure, they can move in the left-right direction of 
the figure. 

[0049] It is desirable for them to be movable in the left-right direction of the 
figure, because then in Fig. 4 they do not stop the second curved side bearing 
15 member 48 from bending slightly to the left, and the operation of the apparatus 
is made smooth. 

[0050] The operation of a curved panel shear tester having the construction 
described above will now be explained. 

[0051] Fig. 8 shows the relationship between the curved panel and the 
20 center of shear in this invention. The curved panel 10 is aligned with the 
second curved side bearing member 48 and strongly held with the retaining 
plate 43. In this state, an upward external force F is applied to the center of 
shear 64 in the arm 55. At this time, the retaining plate 43 prevents the edge of 
the curved panel 10 from bending. 
25 [0052] Fig. 9 shows the behavior of a curved panel during testing. Because 
the upward force is applied at the center of shear 64, the curved panel 10 
shown with solid lines deforms slightly, without twisting, as shown with 
broken lines, and a uniform shear load can be applied, and as a result it is 



possible to measure accurately shear characteristics (e.g. strength) of the 
curved panel 10. 

[0053] This embodiment is merely one form of the invention, and the 
construction of the curved panel shear test apparatus can be changed. The 
5 direction of the external force does not have to be upward, and it may 
alternatively be sideways or downward. 

[0054] Obviously, various minor changes and modifications of the present 
invention are possible in the light of the above teaching. It is therefore to be 
understood that within the scope of the appended claims the invention may be 
10 practiced otherwise than as specifically described. 
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